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LOW COST. HIGH AVERAGE POWER, HIGH BRIGHTNESS SOL,D STATE LASER 

This invention is a ConlinuaBon-in-Part Application o, Serial No. 08/295.283 r„ed 

™'° iSSU9 " ° S Pa,en ' 5434875 0 " 7/W95 - S9rial N * 08 ^'. - 
11/15794 and Serial No. 4 29S89 fled 4/27/95. This invention relates to laser systems 

end ,n particular to high power, high brightness solid state laser systems. 

BACKGROUND OF THE INVENTION 
There is a growing need tor re,iab te . economical X-ray sources tor X-rey lithography „ 
■s known ,ha. X-ray sources can be produced by illumining certain metals wKh very " 
high brightness .eser pulses. Required brightness te vels ere in the range of 1 0 11 to 

1013 W/cm2 ,or projection lithography and 1 0 13 ,o 10" Wcm 2 for proximity 
lithography. 

in a typical X-ray „,hography setup, a semiconductor wetter coated wttb a photoresist 
and covered a, a distance o. about 30 to 40 micmns with an ,-ray absorbing mask is 
Hlumrnated with a X-rays tan a point X-ray source tecated about 20 to 50 cm from the 
mask. A, about 20 cm the spo, size may be in the range o. about ,00 pm and a. about 
50 cm ,he spot size is typically iarger, like 300 pm. Spot sizes are chosen to minimize 
blurring that comes with .arger sizes and interference fringes ,ha, comes with smaller 
spot sizes. Current x-ray lithography needs are for resolution of chip features as small 
as 0.13 micron. 

To meet futura commercial lithography needs, average laser power requirements are 
about 500 Watts tor projection and 1000 Watts for proximity. ,n addition , he 
lithography process needs call for an X-ray spo. diameter of about a 100 pm to a faw 
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100 M.m. Designing a laser to meet these requirements involves solving several 
current problems. The first is the correction of aberrations due to thermal distortion 
and self focusing in the laser rod. This problem is currently being dealt with by utilizing 
a Stimulating Brillouin Scattering (SBS) cell to remove these aberrations. SBS cell 
materials perform efficiently for laser pulses of several nanoseconds or greater. For 
nanosecond laser pulses, the energy needed to achieve the required brightness is 10 
to 30 Joules per pulse and the repetition rate needed to achieve the required power is 
100 to 30 hertz. This high pulse energy design creates two additional problems. The 
amount of debris produced by nanosecond pulsed lasers focused on solid targets, 
when operated at the required brightness and power levels, is unacceptable. (Studio 
done by Rutherford and CREOL indicate that the debris level from metal targets is 
related to the pulse duration. The shorter the pulse duration the lower the debris 
level.) There is a research program underway to reduce debris by using solid xenon 
as an X-ray target, but it is at a very early stage and costs are uncertain. The final 
problem is the cost of the X-ray lithography system. 

Pulses in the nanosecond range when focused for X-ray generation can cause gas 
breakdown unless the target is located in vacuum chamber. Vacuum chambers add 
complexity and typically require an X-ray window. 

Flash lamp pumped lasers involve high maintenance costs. Maintenance costs can 
generally be reduced by pumping with diode lasers. Unfortunately, laser diodes 
required for the 10 joule per pulse 100 Hz lasers costs millions of dollars. Diode 
pumped solid state laser systems are superior to the currently available commercial 
lasers in efficiency, reliability, compactness, EMI, acoustic noise and more. 

What is needed is a laser system that meets the needs of X-ray lithography to provide 
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Dhigh avera 3 e power and high brightness. 2) tow debris leveto and 3) low capital and 
maintenance cost. 



SUMMARY OF THE INVENTION 
The present invention provides a high average power, high brightness solid state laser 
system. We first produce a seed laser beam with a short pulse duration. A laser 
amplifier amplifies the seed beam to produce an amplified pulse laser beam which is 
tightly focused to produce pulses with brightness levels in excess of 1 0 11 WattsW. 
Preferred embodiments produce an amplified pulse laser beam having an average 
power in the range of 1 kW, an average pulse frequency of 12,000 pulses per second 
with pulses having brightness levels in excess of 10" WattsW at a 20 urn diameter 
spot which may be steered rapidly to simulate a larger spot size. Alternately, several 
(for example, seven) beams can each be focused to 20 um and clustered to create 
effective spot sizes of 100 to 200 um. These beams are usefu. in producing X-ray 
sources for lithography. 

In one preferred embodiment, the seed beam is produced in a mode locked NdrYAG 
osciliator pumped by a diode array with the frequency of the pulses being reduced by 
an electro-optic modulator. In a second preferred embodiment, the seed beam is Q 
switched and includes a Pockels cell for cavity dumping, in a third preferred 
embodiment, the short duration high frequency pulses for the seed beam is produced 
by cavity dumping of a short cavity resonator. 

A preferred kW system uses a Nd.YAG seed laser to generate 150 ps pulses at a 
frequency of 1 kHz, the seed beam is amplified in a preamplifier and the amplified 
beam is split by beam splitters into seven separate beams.each of which are directed 
to one of seven parallel amplifiers. The output beams of the amplifiers are frequency 
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doubled to 532 nm and each beam is focused to a 20 \im spot on a copper target and 
the 20 jam spots are clustered to form a larger spot of about 1 50 jim. 

The Applicants experimental results demonstrate good X-ray production with tight 
focusing on copper and iron targets at focal lengths of about 5 cm of a 72 mJ/p at 532 
nm beam produced by frequency doubling a 130 mJ/p 1064 nm Nd/YAG beam. These 
results indicate that about 10 percent x-ray conversion can be obtained at about 130 
mJ/p at 532 nm. No damage to the laser crystal due to self focusing was observed at 
energy levels (in the crystals) of 250 mJ/p at 1064 nm. 

As compared with prior art high brightness lasers, we have achieved our very high 
brightness by reducing the pulse duration by about 2 or 3 orders of magnitude, from a 
few ns to 100 ps or less and by focusing on a very small spot. Short pulse duration at 
low energy per pulse permits focusing the beam in a helium atmosphere at 
atmospheric pressure. No vacuum chamber is necessary. 



FIG.1 is a drawing showing the principal features of a preferred embodiment of the 
present invention for producing high brightness pulse laser beams useful for X-re 
lithography. 

FIG.1 A, 1B and 1C are qualitative representations of the pulse shape at various stages 
of the embodiment shown in FIG.1. 

FIG. 2 is a drawing showing in greater detail a first portion of the embodiment of FIG.1 . 
FIG. 3 Is a drawing showing in greater detail a second portion of the embodiment 
shown in FIG. 1 . 

FIG. 4 is a drawing showing the amplifier pumping configuration using laser diodes for 
the embodiment shown in FIG.1. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 5 is a drawing showing a cluster of tightly focused spots. 

FIG. 6 is a drawing showing the details of the second preferred seed laser system 

FIGS. 7A and B are drawings showing the details of the third preferred seed laser 

system. They show the effect of turning on a Pockels cell. 

FIG. 8 is a drawing showing a set up for multiplying pulses: 

FIGS. 8A and 8B are qualitative representations of the input and output pulses of the 
set up shown in FIG. 8. 

FIG. 9 is a drawing showing a schematic diagram of .he second preferred ampiifier 
system which utilizes a parallel amplifier array. 

FIG. 10 is a drawing showing a four pass amplifier configuration wHh compensation for 
thermal effects. 

FIG. 11 is a graph showing experimental data of X-ray output and efficiency. 
FIG. 12 is a drawing of an experimental set up built by Applicants. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
A preferred embodiment of the present invention can be described by reference to 
FIGS. 1, 2 and 3. As shown in F.G. 1. this embodiment consists of a mode locked 
NdrYAG laser oscillator 2. a pulse spacing selector 20, a beam expander 22 a 
polanzing beam splitter 26. a double pass amplifier section 24 and a beam steering 
PZT 48 on which amplifier folding mirror 38 is mounted. The output of amplifier 24 is 
focused to a tiny spot on moving copper tape target 27. FIG. 2 describes the seed 
laser laser section of the embodiment which is for pmducing very short duration pulses 
at a very high repetition rate and FIGS. 3 and 4 describe the amplifying section for 
ampl.fying the pulses to produce a pulsed laser beam with an average power level ol 
about 1 kW with pulses at brightness levels in the range of 10™ W /cm2 on spot sizes 
Of about 20 pm diameter. And finally, FIG. S shows the result of a beam steering 
mechanism to generate a cluster of few 20 pm spots 52 over a 500 pm diameter 
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circular area pn a metal target. 

An additional preferred embodiment is shown in FIG. 9 which consists of a seed laser 
that generates short pulses, and a preamplifier for boosting the energy per pulse. The 
output beam from the preamplifier is then divided into several parallel beams to be 
amplified by an amplifier array. Each of the amplified beams is frequency doubled and 
the frequency doubled beams are focused on to a metallic target to form a cluster of 
the tightly focused spots to produce the size spot needed for X-ray lithography. 

FIRST PREFERRED SEED LASER 
FIG. 2 is a diagram of a Nd:YAG mode locked oscillator type laser device 2. A NdrYAG 
polished rod 4 (3 mm diameter and 2.5 cm long) is longitudinally pumped by a 5 bar 
impingement cooled laser diode array 6 (SDL part number SDL3245-J5). The diode 
pump array is quasi-CW and is preferably run at 20 percent duty factor (about 200 us 
ON and 800 u.s OFF) and 50 Watt average. The diode array wavelength is at 808 nm 
which corresponds to strong absorption in the Nd:YAG. The output of the pump diodes 
are collimated by an array of cylindrical micro-lenses 8. A fast focusing lens 10 
concentrates the pump light at the back end of NdrYAG crystal 4. The back surface of 
NdrYAG crystal 4 has 5m radius of curvature (convex) and is polished and coated ff 
maximum reflection (about 99.8 percent) at 1064 nm (the lasing wavelength of the 
NdrYAG laser) and for at least 85 percent transmission for 808 nm (the pump 
wavelength). The pump light is trapped in the laser rod via total internal reflection 
(similar to a fiber optics) for high pumping efficiency. The front surface 12 of the 
NdrYAG rod is cut at 2 degrees to avoid parasitic oscillations and AR coated for 
minimal insertion loses at 1064 nm. A Brewster cut acousto-optic mode locker 14 
(Brimrose Corporation of America Model FSML-38-10-BR- 1064) is placed next to a 
partially transmitting mirror 16 (output coupler) to actively force all the longitudinal 
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modes «o be p phase each „me ,hey pass ,he mode tocker. The HF earner frequency 
(«) of ,he mode locker and ,he opeca. length o. ,he ,aser resonator (L) most rotate as 
follows: 

f = C/4L 

where c is the speed of tight. In this embodiment, we drive mode looker 14 with a 38 
MHz RF driver 15. We provide a cavfty iength of aboul 6.5 lee,. Thus, a frain o. mode 
locked pulses a, 76 MHz (due to the siding waves that form in the acousto-oplic cell, 
during ,he ON time wH, be obtained. The pulse duration will be about ,00 ps with an 
energy per pulse o« abou, 0.6 pj. The Ume interval between pulses during ,he 200 ps 
diode ON periods is about ,3 ns. Duhng each ON period we ge, about ,5.200 of 
.hese very shod pulses. Then we have a dead ,,me o, about 800 ps before the next 
series o, ,5.200 short pulses. We have ,.000 of fhese OFF-ON sequences each 
second, so ,he result is an average o, about ,5.200.000 shor, 100 ps pulses per 
second with , he pulses coming in dumps of ,5,200. A qualitative depiction of .his 
pulse , .Bin is shown in F.G.1A. The rapid series o, pulses represent 15,200 pulses 
each wilh an energy o, about 0.6 pj per pulse spread over 200 ps and ,he space 
represents an 800 ps dead lime. 

PULSE SPACING SELECTOR 
As will be explained tater. we will amp.ify each pulse from 0.6 pj ,o about 80 mJ : 
therefore, for an average power o, 1 kw we need only ,2.000 pulse per seconds To 
reduce me frequency of the pulses from 15.2 minion per second to 12 Ihousand per 
second, we place in ,he palh of beam ,8 exiting ,he seed laser a pulse spacing 
selector 20 as shown In FIG. 2. Pulse spadng selector 20 consist in ,his embodiment 
o, an electro-optic modulator such as Model 305 supplied by ConOptics. This unit will 
funcfon as a test shutter ,o pass .ight from the beam during short intervals (each 
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interval having a duration of about 10 ns) at a frequency of 60,000 Hz. Since the 
pulses are coming into the selector at 13 ns intervals, the pulse selector (synchronized 
with the beam) will pass a single pulse through each 10 ns window and block all other 
pulses. At our frequency of 60,000 Hz, we will therefore have about 12 pulses pass 
each 200 us ON period. Since we have 1 ,000 of these ON periods each second, we 
will get about 12,000 pulses per second. Thus, the output of pulse spacing selector 20 
is a pulse train consisting of clumps of about 1 2 pulses (each pulse having a duration 
of about 100 ps) spaced over 200 us duration and these clumps of short pulses being 
spaced at intervals of 1,000 per second. This is an average of 12,000 pulses per 
second. To summarize, the output of pulse spacing selector is as follows: 

Pulse duration about 1 00 ps 

Energy per pulse 0.6 uJ 

Peak power per pulse 6 kW 

Average frequency 12,000 pulses per second 

Average power 7.2 mW 

Beam cross section 0.07 cm 2 

A qualitative depiction of this pulse train is shown graphically in FIG. 1B. It is 
essentially the same as the train shown in FIG. 1 A except the frequency of the pulses 
during the ON period has been reduced by a factor of about 1 ,260. 

BEAM EXPANDER 

The output of the pulse spacing selector is expanded from a cross section of about 

0.07 cm 2 to a cross section of about 0.6 cm 2 with a 3:1 beam expander 22 as shown 

in FIG. 2. Beam expander 22 consist of an appropriate combination of lenses or any of 
several commercially available beam expanders chosen for the 1064 nm Nd:YAG 
beam. The output of beam expander 22 is directed to amplifier 24 as shown in FIG. 1 . 
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' AMPLIFIER 
Elements of amplifier 24 for this preferred embodiment is shown if FIG 1 Two- 
amplification is shown in FIG. 3 and our preferred pumping configuration is shown" 
FIG. 4. The amplifier must boost the seed beam energy to the mj/pu.se .evel 



pass 
in 



F.G. 3 shows .he princlpa, features of the ampfifier other than the ampler pumping 
equipment. As shown in FIG. 3. .he Nneauy pofarized beam 2. from beam expander 
passes .hrough a thin fl,m poiarizing beam splitter 26 and into a firs, Nd:YAG amplifier 
rod 28 .hen fhrough a one half wavelength rotator 30 (.o cancel thermafly induced hi- 
re.ringence) .hen .hrough a second Nd.YAG amplifier rod 32 men through quarter 
wave plate 34 (for shifting .he polarization of the oufgoing beam by 90 degrees, and 
corrector lens 36 (for cohering ,he thermal lerisirig in the Nd rods) arid is -effected oft 
high reflectivity (HR) mirror 38. The beam passes back through the elements of 
ampfifier 24 for two pass amplification and reflected off polarizing beam splitter 26 from 
wh,ch the beam is focused and directed to a metal target 27 as shown in FIG 1 The 
amphfier pumping equipment is shown in FIG. 4. This equipment includes 64 modules 
of 50 Wan per module (nominal) laser diode arrays 40 for a total of about 3 kW 
average power operating a. 808 nm wavelength. 20 percent du* factor (200 ps ON 
and 800 ps OFF). ,n this embodiment 16 sets are arranged (4 shown in the 
circumferential direction and 4 in the linear direction, not shown) as Indicated in FIG 4 
The output of the diode lasers are directed into the Nd.YAG rods 28 and 32 with 
cylindrical lenses 42 and the rods are wafer cooled by water jacket 44 as shown in 
FIG. 4. 

Amplifier 24 provides a 1 .3 X ,0 S amplification of the input beam with good 
preservation of the input beam (near diffraction limited beam, less than or equal to 
2XDL). Thus, the output of Amplifier 24 is a pulsed laser beam with the following 
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characteristics: 



Pulse duration 
Energy per pulse 
Peak power per pulse 
Average frequency 
Average power 
Beam diameter 

Brightness (power/pulse) 



about 100 ps 
80 mj/pulse 
800 MW 

12,000 pulses per second 
1 kW 
9 mm 

2.5X1 0 1 4 Watts/cm2 (20 *im dia. spot) 



A qualitative description of the output of the amplifier is shown in FIG. 1C. It is 
substantially the same as the pulse train shown in FIG. 1 B except the pulses are 
amplified in energy by a factor of about 133,000. We then focus the beam to a 20 p.m 
spot on the target. 

Preferred sizes of the X-ray point source for proximity lithography is in the range of a 
few 100 urn (e.g., 500 n,m) in diameter to about 1 mm in diameter. A 500 \im spot 
simulated from 20 jim diameter pulses is shown in FIG. 5. In order to achieve the 
proper spot size with the above described system, we have to hit the target at different 
spots (e.g., multiple 20 \im spots 52 spread over a 500 urn area 50). This is 
accomplished in this embodiment by mounting a mirror 38 on fast two-axis PZT 48 that 
steers the beam slightly over the required area as shown in FIG. 1 

The above system provides very good X-ray conversion. However, a somewhat better 
X-ray conversion can be accomplished with higher frequency beams. In a study by 
Lawrence Livermore laboratories, a 15 percent conversion efficiency was observed 
when the laser wavelength was 532 nm (doubled 1064 nm) versus 10 percent 
conversion efficiency for 1064 nm. A doubling crystal (not shown) could be placed at 
the output beam from the amplifier in order to utilize the higher X-ray conversion 
efficiency at 532 nm. 
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SECOND PREFERRED SEED LASER 
An addifiona, approach «o .he seed laser (sub nanosecond pu.se duration and higher 
than .000 puises par second seed laser) can be a Q-swftch mode locked configuration 
or a Q-swttch mode locked wHh cavity dumping configuration (FIG. 6). Laser diode 
array 61 with p-tenses 63 is focused by , ens 65 (or end pumping of the NdrYAG rod 67 
as described in the praferrad embodiment Potenzer beam spiHter 71 rafiecfs .he .aser 
S poiar.za.ion fo form a folded cavfty (resonator) which includes .he mode .ocker 75 as 
previously described, an acousto optics Q-swftch 73. and a M etec.ro opfics Pockels 

ce„ 69 such as 104, FV-106 and 5046 driver (Fas. Pulse Technologies) lor cavily 
dumping. 

Since Q-swttch 73 spoils ,he resonalor, ,he gain builds up in ,he Nd rod as i, is being 
pumped by ,he laser diode array 61. As ,he Q-swftch opens up, .he mode locked 
pulses bu..d up. The laser radiation is S polarized due to ,he high resonator Q in tne s 
polanza.ion. and is .rapped in ,he resonator between .he high raftectivfty mirror 77 and 
.he high refleCvfty coating on the back surface of the Nd rod 67. As the .rapped mode 
locked pulse builds up to fts maximum intensrty, Pockete cell 69 .urns on ,o give a X/4 
re.arda.ion. The mode locked pulse .ha, propagates ,o ,he left undergoes twice Xm 
re.arda.ion which resufts in a P polarization after exiting ,he modu,a,or,o .he righ, 
Polarizer beam splitter 71 (highry .ransmissive ,o P polarization, ,hen .ransmtts ,he 
pu.se to provide .he output seed beam 79. This seed taser can be subsided for ,he 
oscillator 2 and .he pu.se spacing seteclor 20 shown in FIG. 1. The output is directed 
to beam expander 22 and .he res. o, .he path of .he beam is as shown in FIG 1 Since 
,he entire stored energy in ,he Nd rod is used ,o generate the shod pulse (abou. 100 
ps) ou.pu. beam. energies in .he few mj per pulse (vs. 0.6 pj/p as described in .he first 
preferred seed laser) can be obtained from this configuration. 
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The advantage of such a system is two fold: a) typical relaxation oscillation that takes 
place in free running solid state lasers (large amplitude fluctuation) will not exist in the 
Q-switch mode, and b) the entire stored energy will convert to the desired mode locked 
pulses (no unused laser energy) which will result in much higher energy per pulse and 
therefore, lower gain or fewer passes through the amplifier will be required. 

THIRD PREFERRED SEED LASER 
A drawing of a third preferred seed laser is shown is FIGS. 7A and B. This is a seed 
laser which generates a laser beam of sub nanosecond pulse duration at more th* 
1 000 pulses per second. In this device a laser cavity is formed by high reflectivity 
mirror 91 and coating 83 applied to the backside of Nd:YAG crystal 5. A polarizer 
beam splitter 89 and a short and fast A/2 Pockets cell 87 allow for cavity dumping. The 
oscillating beam 97 shown in FIG. 7A is P polarized in the plane of the paper due to 
the orientation of polarizer 89. When high voltage is applied to Pockels cell 87, the 
cell will rotate the polarization of the beam to the left by 90 degrees (perpendicular to 
the plane of the paper). Whenever this happens, the polarizing beam splitter 89 will 
reflect the perpendicular polarization as shown in FIG. 7B. The result is that a pulse, 
equal in length of twice the distance L (between the Pockels cell 87 and the HR 

■ 

coatings 83), is directed to amplifier system 96 which can be the system shown in FIG. 
1 other than oscillator 2 and pulse spacing selector 20. It is easy to achieve L's of 2 to 
4 cm. The time duration of the pulse will be: 

t = 2L/c 
where c is the speed of light. 

The pump beam can be CW or quasi CW. The repetition rate of the Pockels cell driver 
will determine the output pulse repetition rate and the length L will determine the pulse 

12 




PCT/US95/14258 



1NSDOCID: <WO .9616484A1_I_> 



WO 96/16484 _ 

PCT/US95/14258 

duration. Sfaoe the crystal length can be vary sma», the PocKels cell can be moved 
Cose to the coating 83 on Hs backside. Therefore, with L * 1.5 cm, the poise duration 
can be reduced to the range of about 100 ps. 

MULTIPLYING PULSES 
For seed lasers that generate a single pulse a. high repetWon rate versus the mode 
locked pulse train, we may need to generate the pulse train externally in order to meet 
both the self focusing limit ( B -in,egra„and the sanction fluence. This can be done 
us,ng the multiplexing arrangement shown in FIG. 8. In this case each short pulse can 
be multiplexed into a pulse bain of 2 x pulses (x ls an in , egral ^ 
linear* po,ari 2 ed pulse from the seed laser (FIG. 8A> is split info two beams by beam 
splitter 80, a delay ,,00 ps « , < , 0 ns, is introduced to , he reflected beam. Mirrors 82 
and 84 direct the delayed beam ,o beam splitter 88. The second delay path o, 2, is 
fom,ed by mirrors 88 and 92. The final delay ,r an will have a XJ2 waveplate 90 in 
order to recombine all ,he beams in the final polarizer beam splitter 94 to form fhe 
pulse train (FIG. 8B). Addftiona. delay paths of 4t. 8t, etc. can be added as necessary 
to tncrease the number of pulses in the train. 



Some systems may require that no two laser pulses hi. fhe targe, a, exactly the 
spot (to avoid X-ray quenching or project a larger X-ray spot) Th 
accomplished with s similar muWplexing se,-up with a slight angular misalignment of 
the beams. 



same 
is can be 



SECOND PREFERRED AMPLIFIER SYSTEM 
FIG. 9 shows a second preferred amplifier system bum by Applicants and their fellow 
workers. The seed . aser 200 is identical to the one ^ Ascribed as our second prefened 
seed laser. It generates pulses of about 1 mj/p and about 1 50 ps duration. Since it is 



13 



5DOCID: <WQ 96164S4A1_I_> 




WO 96/16484 PCT/US95/14258 

diode pumped with a 20 percent duty factor, it has the potential of operating up to 
about 1 ,000 Hz. To obtain about 250 mj/p for efficient energy extraction from the 
amplifier we need an input beam on the order of about 10 mj/p. Therefore, a 
preamplifier 202 (which can be identical to the amplifier described above) is needed. 
Beam splitters 204 split the preamplifier output to an amplifier array of seven diode 
pumped amplifiers in parallel. 

The diode pumped amplifiers 208 built by Applicants and shown in detail in FIG. 10 is 
comprised of two heads for thermal compensation. Each head is pumped at about 2.5 
kW of peak power. The Nd:YAG rods are 6.3 mm diameter and about 4 cm long, 
single pass amplification through the two heads is about 5.) A four pass amplifier 208 
was constructed to maximize the gain and this amplifier. The horizontally polarized 
input beam passes through polarizer splitter (PBS) 220, undergoes a +45 degree 
rotation in Faraday rotator 222 and a -45 degree rotation in half waveplate 224. The 
horizontally polarized beam proceeds through PBS 226 to be amplified in the Nd:YAG 
rods with 90 degree rotation for thermal stress birefringent compensation. Negative 
lens 236 is used for thermal iensing compensation, and quarter waveplate 234 for 90 
degree rotation for the return beam from mirror 238. The vertically polarized beam 
undergoes a second pass amplification in the Nd:YAG rods. The beam then reflects 
off PBS 226 and is reflected back by mirror 240 for third and fourth passes. The n^w 
horizontally polarized beam coming from the right passes through PBS 226, 
undergoes a +45 degree rotation in waveplate 224, and an additional +45 degree 
rotation in Faraday rotator 222. The now vertically polarized beam reflects off PBS 
220 to exit the amplifier module. 

The outputs from each of the seven amplifiers 208 can be doubled in a nonlinear 
crystal 210 to 532 and steered with a slight angle to each other in order to form an 
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effective spot size, on target 216. composed of a cluster of focal spots from the 
individual beams all as shown in FIG. 9. 

Experimental results indicate that about 150 mj/p at 532 nm is required for high x-ray 
conversion efficiency for proximity lithography. In addition, Applicants have 
demonstrated that short pulses, at about 250 mJ/p at 1064 nm (about 150 mJ/p at 532 
nm) in a Nd:YAG rod about 6 mm diameter, do not cause any self focusing or any other 
damage to any of the optics used. Very high energy extraction from the amplifier is 
anticipated at this level of pulse energy. 

EXPERIMENTAL RESULTS 
To demonstrate the advantages of the present invention, we have built an 
experimental NdrYAG system using the second preferred seed laser, a second 
harmonic generator, a four pass amplifier, and a metallic target chamber as shown in 
FIG. 12. The output of seed laser 2 (shown in FIG. 6 and also in block form on FIG. 12) 
is short pulses of about 125 ps duration. Amplifier 103 is the laser head only of a 
commercial Nd.YAG laser (Lunonics Inc. Model HY400). It comprises a sing.e flash 
lamp 104 and two NdrYAG rods 102. We use the laser head as a four pass amplifier. 
The seed beam undergoes a slight divergence by concave lens 96 to enable the seed 
beam to expand and fill the amplifier's aperture. Polarizer beam splitter (PBS) 98 
transmits the P polarized seed beam, the beam amplified in the NdrYAG rod then 
undergoes 90 degrees polarization rotation in the double pass through U4 waveplate 
106 (mirrors 108 are highly reflective mirrors). After a second amplification pass 
through the NdrYAG rod. the now S polarized beam reflects off PBS 98. the two mirrors 
as shown and PBS 100 for two more amplification passes through the second rod. 
The amplified beam is doubled to 532 nm from 1064 by a KTP nonlinear crystal 112. 
We obtain 55 percent conversion to the green (532). The residual 1064 nm is 
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reflected off jiichoic mirror 110 to an absorbing surface (dump) 114 while the 532 nm 
is transmitted through the dichroic mirror. The beam is then focused by a best form 
lens 116 (5 cm focal length) onto a 10 micron diameter spot on metallic target 118 
which rotates by means of a stepper motor The target is enclosed in a hermetically 
sealed chamber that was evacuated to vacuum and filled with helium gas to 600 torn 
The X-ray output is detected by an X-ray diode 120 that was calibrated to IBM 
standards for X-ray lithography. The above described system is capable of operating 
at 10 Hz maximum due to the repetition rate limitation of the flash amplifier. The seed 
laser alone can exceed a repetition rate of 1 kHz. We have demonstrated X-ray (1 to 
1.5 nm wavelength) conversion efficiency into 2n steradian of about 7 percent 
stainless steel and about 3.5 in copper. FIG. 1 1 shows the experimental data from a 
copper target, with a promising trend toward higher efficiencies at higher pulse 
energies. At 1064 nm we were able to increase the energy per pulse to over 250 mJ/p 
without any damage to the system, and with the proper doubling, we should be able to 
increase the 532 nm beam to near 130 mJ/p. As indicated above with respect to the 
above described embodiments, future systems will have pulse rates far greater than 
the 10 Hz of this experimental system. 



While the above description contains many specificities, the reader should not 
construe these as limitations on the scope of the invention, but merely as 
exemplifications of preferred embodiments thereof. Those skilled in the art will 
envision many other possible variations which are within its scope. 

For example, with the first preferred seed laser, we could choose a much shorter pulse 
duration than 100 ps. These could be obtained using a passive saturable absorber 
instead of the acousto-optic mode locker. With a saturable absorber we can get 
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tem,osecond,pu,ses. « is our be«e, ,ha, ,he advantage o, pulses in , h9 100 ps range is 
.ha. we ge, some heating o, the plasma whereas me very very short pu,ses creates the 
plasma bu, provides very lmle heating of „. The ^ ^ ^ ^ ^ ^ 

rcnge o, 80 mu/puise ,or more, when the objeaive ,ens is about , 2 em from ,he terge, 
A distence o. a, , east 12 cm js recommended to avoid contaminating ,he tens with 
.arge, materia, However, i, th ,s distance is reduced the retired energy per puise 
couk, be reduced according* because we couid focus on a smaller spot. By doing so 
we couid reduce the energy per pu.se retirement from about 80 mj/puise fo as iow 
as about 10 mj/pulse. 

A prepuise configuration can be used to further improve the x-ray production. A firs, 
laser puise hits the terge, to generate piasma and the major iaser puise then hits the 
same spot on the targe, a shod fime thereafter ,o fudher heat the piasma for efficient x- 
ray generation. 

The cos, o. teser diodes ,or pumping soiid state lasers is primariiy dominated 
peak power requirement and ,his determines ,he number o, diode bare. By opening 
•he bars a. a reiahveiy high du* facor o, 20 percent and generating a iarge number o, 
pulses per second, we can minimize the iniea, cos, of ,he diode pumping system For 
example, a , KW system may require 3 kW average power from ,he pump diodes a 20 
percen, duty factor diode array system wouid require , 5 .kW peak power. Using 50 
Wan peak bars a, $700 per bar. the system would cos, $210,000. in comparison a 1 
percen, du,y factor system would require 300 kW peak power. The cos, would be 
$4,000,000. increasing the duty teeter above 20 percent, al. the way to CW is feasible 
but, baiancing ai, factors (including system lifetime and complexity,, we prefer a duty 
factor of about 20 percen,. Persons skilled in the an will recognize tha, a Hash temp 
pumping system could reptece the diode pumping syaem:; 
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The solid state material can be a host of materials other than Nd:YAG. For example, 
Nd:YLF, CnLiSAF, Ti:S, etc could be used. Amplification needed to boost the seed 
beam to the mJ/pulse level can be satisfied by either high gain or multiple passes. Up 
to eight passes can be achieved with passive components and much higher number of 
passes can be achieved in a regenerative amplifier. The steering mirror can be any 
reflecting element that would would be appropriate to generate the cluster of spot 
sizes desired, such as the 20 iim spots. 

The first preferred seed beam pulse train frequency could be in the range of 10 MHz j 
200 MHz or greater. With some compromise in the average power the number of 
pulses per second could be reduced down to about 1 ,000 Hz. 

The amplifier can be of slab or rod design. The solid state material can be of a host 
material other than Nd:YAG. For example, Nd:YLF, CnLiSAF, Ti:S, etc. could be used. 
Amplification needed to boost the seed beam to the mJ/pulse level can be satisfied by 
either high gain or multiple passes. Up to eight passes can be done with passive 
components and much higher number of passes can be done in a regenerative 
amplifier. The steering mirror in the amplifier can be any reflecting element that would 
be appropriate to generate the cluster of spot sizes desired, such as the 20 nm spots. 

With respect to the first preferred embodiment, other devices could be substituted for 
the electro-optic modulator for pulse spacing, such as cavity dumping or even an 
optical rotary interrupter. The pulse spacing devices would in most applications 
remove a very large percentage of the pulses in the first preferred seed beam such as 
more than 99 percent as in the preferred embodiment described; however, We could 
imagine applications where as the percentage remove might be as low as 80 percent. 
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in addition «o «h e low debris generation in a picosecond pulse system, i, is aiso 
possible to have the target chamber in atmosphehc helium without breakdown of the 
hehum (the breakdown is a strong function of the pulse duration), which simplifies the 
X-ray transmission window to the outside worfd, and further reduces contamination by 
the debris off the target. 

in addition to X-ray lithography there are several other potential applications for the 
system described in this disclosure such as X-my microscopy, biologica, / radio 
b,ological. micro electromechanical system fabrication, bright X-ray source ,o replaca 
conventional electro-bombardmem sources, eel, and DNA X-ray crystallography X-ray 
fluorascence for materia, contamination detection, (aser ablation technology and more. 

Accordingly the reader is requested to determine the scope of the invention by the 
appended claims and their legal equivalents, and not by the given examples. 
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We claim: f 

1. A high average power, high brightness solid state pulse laser system comprising: 

a) a seed laser subsystem means for producing a first pulse laser beam with a 
pulse frequency in excess of 1 ,000 pulses per second each pulse having a duration of 
less than 1 ns, 

b) a laser amplifier means for amplifying said first pulse laser beam to produce 
an amplified pulse laser beam comprising high frequency pulses, said amplified pulse 
laser beam having an average power in excess of 10 Watts. 

c) a focusing means for focusing said amplified pulse laser beam to a small 
spot size on a target, said spot size being small enough to produce a brightness lev, 
in excess of 10 1 1 W/cm2. 

2. A pulse laser system as in Claim 1 wherein said seed laser subsystem means 
comprises a pulse spacing selector means for removing more than 80 percent of the 
pulses in a laser beam to produce said first pulse laser beam. 

3. A pulse laser system as in Claim 1 and further comprising a beam steering means 
for rapidly steering said amplified pulse laser beam relative to said target so as to 
simulate a spot size larger than said small spot. 

4. A pulse laser system as in Claim 2 wherein said beam steering means comprises a 
PZT device attached to a mirror. 

5. A pulse laser system as in Claim 1 wherein said beam steering means comprises a 
means for moving said target relative to said amplified pulse laser beam. 

6. A pulse laser system as in Claim 2 wherein laser means comprises a mode locked 
laser oscillator comprising a mode locking means for producing a mode locked laser 
beam. 

7. A pulse laser system as in Claim 6 wherein said mode locking means is an 
acousto-optic mode locker. 

8. A pulse laser system as in Claim 2 where in said pulse selector means comprises 
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an electro-optic modulator. 

9. A pulse laser system as in Cairn , wherein said laser amplifier me ans comprises a 
muftiple-pass Nd:YAG laser amplifier pumped by a pumping means 

10. A pulse laser device as in Claim 9 wherein said pumping means comprises a 
plurality of laser diode arrays. 

11. A pulse laser system es in Calm 9 wherein said pumping means comprises a 
flash lamp. 

1* A pulse laser system as in Cfcim 1 wherein said teser amplitier means comprises 
a Nd:YAG polished rod pumped by a plurality of laser diode arrays 

13. A pulse laser system as in Claim ,2 wherein said laser diode arrays are 
programmed to operate CW. 

14. A pu.se laser system as in Cairn t 2 wherain said plurality o, laser diode arrays 
are programmed to operate at a duty factor of less than 100 percent 

15. A pulse laser system as in Cairn 14 wherein said duty factor is aboul 20 percent 

16. A pulse laser system as in Cairn 15 wherein said amplified pulse laser beam 
compnses a series of periodically spaced high frequency pulses. 

17. A pulse laser system as in Claim 1, and further comprising a large, tor the 
production of X-rays upon illumination at said small spots. 

18. A pulse laser system as in Claim 17 wherain said target is comprised of a metal 

19. A pulse laser system as in Claim ,8 wherein said melals is chosen from a group 
comprised of copper and iron. 

20. A pulse laser system es in Cairn , wherein said seed laser subsystem defines a 
resonator and comprises a mode locked laser comprising a Q switch. 

21. A pulse laser system as in Claim 20 wherein said Q switch is a high gain Q switch 
havmg a gain in excess of 10 per pass and said resonator is a short resonator shorter 
than 4 inches. 

22. A pulse laser system as in Claim 20 wherein said seed laser subsystem further 
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comprises a pav\ty dumper. 

23. A pulse laser system as in Claim 1 wherein said seed laser subsystem comprises 
a laser crystal having a reflective side, a A/2 Pockels cell and a polarizer beam splitter 
and defines a length L being the distance between said reflective side and said 
pockels cell. 

24. A pulse laser system as in Claim 23 wherein said length L is no greater than 4 cm. 

25. A pulse laser system as in Claim 24 wherein said length L is no greater than 2 cm. 

26. A pulse laser system as in Claim 1 wherein said laser amplifier defines an 
operating wavelength and said seed laser subsystem comprises a laser diode 
producing a pulsed laser beam having a wavelength matched to the operate v 
wavelength of said laser amplifier. 

27. A high average power, high brightness solid state pulse laser system comprising: 

a) a mode locked Nd:YAG laser oscillator for producing a first pulse laser beam 
with a high pulse frequency, 

b) a pulse spacing selector means for removing from said first pulse laser beam 
more than 80 percent of the pulses in said in said beam to produce a second pulse 
laser beam comprising a series of periodically spaced high frequency pulses in 
excess of 1 ,000 pulses per second, 

c) a multiple-pass, diode pumped, Nd:YAG laser amplifier means for amplifying 
said expanded pulse laser beam to produce an amplified pulse laser beam with an 
average power in the range of about 1 kW, said beam comprising high frequency 
pulses, 

e) a focusing means for focusing said amplified pulse laser beam to a smalt 
spot size on a target, said spot size being small enough to produce a brightness level 

in excess of 10 1 1 W/cm2. 

28. A pulse laser system as in Claim 27 and further comprising a beam steering 
means for rapidly steering said amplified pulse laser beam relative to said target so as 
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to simulate a spot size larger than said small spot. 
. 29. A pulse laser system as in Claim 1 and further comprising a frequency increasing 
means placed in the amplified beam for increasing the frequency of the amplified 
beam. 

30. Apu.se laser system as in Cain, 28 wherein said frequency increasing means is a 
harmonic generator. 

31. A pu.se iaser system as in Cairn 1 wherein said seed .aser subsystem comprises 
a solid state crystal, mcde locKer, a Q-swi.cn, a fas. electro-optic relarde, and a 
polarizing beam splitter. 

32. A pu.se iaser system as in Cairn 3, wherein said fas, elec.ro-op.ic retarder is a 
Pockels cell. 

33. A pu.se .aser system as in Cairn 3, wherein said seed .aser subsystem means 
compnses a diode pumped solid state laser. 

34. A pu,se ,aser system as in Cairn , wherein said seed ,aser subsystem means 
comprises a so.id tfate sub nanosecond pu,se laser and a pu.se .ra,n multiplexer 

35. A pu.se .aser system as in Claim 34 wherein said pulse laser is a Nd'YAG laser 

36. A high average power, high brightness solid state pulse laser system comprising- 

a) a mode .ocked Nd:YAG !aser oscillator for producing a firs, pulse .aser beam 
with a high pulse frequency, 

b) a pulse spacing selector means for removing from said first pulse beam more 
than 80 percent of the pulses in said beam to produce a second pulse laser beam 
compnsmg a series of periodically spaced high frequency pulses in excess of 1,000 
pulses per second, 

c) a multi-pass, diode pumped, NdrYAG laser amplifier means tor amplifying 
sa,d expanded pulse laser beam to produce an amplified pulse laser beam with an 
average power in the range of about 1 kW. said beam comprising high frequency 
pulses, 
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e) a fo/xising means for focusing said amplified pulse laser beam to a small 
spot size on a target, said spot size being small enough to produce a brightness level 
in excess of 10 1 1 W/cm 2 . 

37. A pulse laser system as in Claim 27 and further comprising a beam steering 
means for rapidly steering said amplified pulse laser beam relative to said target so as 
to simulate a spot size larger than said small spot. 

38. A high average power, high brightness solid state pulse laser system 
comprising: 

a) a seed laser subsystem means for producing a first pulse laser beam having 
a frequency of more than 500 Hz and less than 5000 Hz with pulses having a duration 
of less than 1 ns, 

b) a beam divider means for dividing said first pulse laser beam into a plurality 
of divided pulse laser beams, 

c) a plurality of laser amplifiers arranged in parallel for amplifying each of said 
plurality of divided pulse laser beams to produce a plurality of amplified pulse laser 
beams, 

d) a focusing means for focusing said plurality of amplified pulse laser beams 
into a cluster of small spots on an X-ray generating target in order to produce an X-ray 
source. 

39. A pulse laser system as in Claim 38 wherein said seed laser subsystem means 
comprises a pulse laser preamplifier fro amplifying a pulse laser beam to produce said 
first pulse laser beam. 
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FIG. 4 



52 



O 

o o o 
o 



o 



o 



o 



o 



o 



o o 
o 



o 



o 

o o 
o 



o 



o 



o 



o 



o 



o 



o 
o 



o 



o o 



o 
o 



o 



o 



o 



FIG. 5 



o 



o o 
o o 
o 



o o 

o 



50 



NSDOCID: <WO 9616484A1 J_> 




DCID: <W0 9616484A1_L> 





INSDOCID: <WO 9616484A1J_> 



PCT/US95/14258 




9616484A1_I_> 




NSDOCID; <WO, 96164S4A1J. > 



WO 96/16484 




NSDOCID: <WO 9616484A1_I_> 



INTERNATIOf^ SEARCH REPORT 



A. CLASSIFICATIO.V OF SUBJECT MATTER 
»pc(6) .: . HOIS 3/10 
I- VS CL .U.S.CL. 372/25.5.10.12.18.22.69 92 

Accordin g to International Patent Clasaificaiinn /ipri 
g FIELDS SEARCHED ^ 'PC 

U S. . U.S.CL. 372/25.5,10,12,18,22.69,92 



Inlerra^Pal application No. 
PCT/US95/14258 



are included in the fields searched 



| Electronic data bue consulted during the 



NONE 



international search (name of dau base and. where 



practicable, search term* used) 



I C ' POC^M ENTS CONSIDERED TO B E RELEVANT 
Category* 



A 

I A 
| A 
A 



Citation of document, with indication ut—. • ~Z ~ 
"■ Wfacfc 'PPropnatc. of the relevant pasaagea 



Relevant to claim No. 



Mite mS^"*™™"" 18 DECEMB « 1^86 ,SEE ,. 21 . 23 ' 
E^l'R E 5 C ;^ 3 U -S ORSELL 67 AL ' 26 MARCH 1.17.36.38 

b&k docSme^ 0 HNSON 67 A1) ° 5 JUWE 199 ° 'see 1 

w£Sr 67 AU24 FEBRUARY 1987 'SEE I 1. 2 . 6 . 7 . 20 
E^Tm A E 5 of C 9 UME^ HUNTER 67 AU 16 AUGUST 1*» 'SEE ,.20 
DOcCMkNT°' 600,REBHAN>18 AUGUST 1992 'SEE ENT,Re| , 



Further documents i 



! arc listed in the continuation of Box 

Special etief ones of cited d. 



C D See patent famiJy annex. 



•E- 
"L" 



«*ocumeoi pubb.bod on or after . 
which may throw doubo 4 



1 (a* apecariod) 



i iotcrtaaiiooAj filing dale 

i priority cWim(a) or which 
of 



or other 



? P^y datecjg^ 

Datc of ^ completion of the 



*nd not m conflict with the m^^ca^^c^L 11 ^ 
prmctple or theory undcrlyin, thTanveoton^ 

docx^of P^ticuUr reievaocc; the claimed mvemio. 

relevance; the claimed mv«tk» 
^T^f * •» mveoiive «u» when mcV 

^^ w^oo^ortiv^other^dZanc^ Itch 



the 
be 



document member of (he 1 



international search 



03 APRIL 1996 



Name and mailing address of the ISA/US 

Warfiingtoii, D.C. 20231 
Facsimiic No. (703) 305-3230 
Form PCT/ISA/210 (second S hect)(Ju.y 1992)^ 



£ patent family 



Date of mailing of the international search report 

30 AP R 1996 

Authorized officer 



LEON SCOTT ik^J'^o^iiWc 
relephonc No. (703)308-4884 



DOCJD: <WO 9616484A1 I > 



CORRECTED 
v VERSION* 



PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZA 
InternationaJ Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 0 
HOIS 3/10 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96/16484 

30 May 1996 (30.05.96) 



(21) International Application Number: PCT/US95/ 14258 

(22) International Filing Date: 6 November 1995 (06.1 1.95) 



(30) Priority Data: 

08/339,755 
08/503,373 



15 November 1994 (15.1 1.94) US 
17 July 1995 (17.07.95) US 



(71) Applicant: J MAR TECHNOLOGY COMPANY [US/US]; 

Suite D, 3956 Sorrento Valley Boulevard, San Diego, CA 
92121 (US). 

(72) Inventors: RIEGER, Harry; 17127 Pomerano Way, San Diego 
CA 92128 (US). SHIELDS, Henry; 13770 Tres Vistas' 
Court, San Diego, CA 92124 (US). FOSTER, Richard, M.; 
325 8th Street, Manhattan Beach, CA 90266 (US). 

(74) Agent: ROSS. John, R.; P.O. Box 2138, Del Mar, CA 92014 
(US). 



(81) Designated States: JP, ICR, SG, European patent (AT, BE CH 
DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE). ' 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: LOW COST, HIGH AVERAGE POWER, HIGH BRIGHTNESS SOLID STATE LASER 
(57) Abstract 

A l^r ^r^Is P ° W S W ? brig J ht ?! SS solid statc ,ascr s y sum - Wc firet Produce a seed laser beam with a short pulse duration. 
A laser amplifier (24) amplifies the seed beam to produce an amplified pulse laser beam which is tightly focused to produce pulsed 

Kn^VfT^w 11 eXC " S ° f 10 ^ S/Cm - ^ CITCd «nbodimcnts produce an amplified pulse laser beam having L Vv«a g e £IZZ 
range of 1 kW, an average pulse frequency of 12,000 pulses per second with pulses having brightness levels in excess of 10i*wE3ta3 
at a 20 micrometers diameter spot which may be steered rapidly to simulate a larger spot size. Alternately, a kHz system wkh seven* (for 

^^XJ^S^^^ r ngCd " ™ ^ te f ocused%o ^micrometers and'clustered^ 

sizes of 100 to 200 micrometers. These beams are useful in producing X-ray sources for lithography. 



* (Referred to in PCT Gazette No. 31/1997, Section II) 

DOCID: <WO 96164e4A.1_«.A> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HTJ 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


FT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


ci 


Cote d'Noire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TO 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of Ame 


fi 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











3NSDOCID: <WO 9616484A1_IA> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




IFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



THIS PAGE BLANK (uspto) 



